ABSTRACT
1

INTRODUCTION AND LITERATURE
2
While many studies have examined the travel behavior of those living in or near Transit Oriented 3 Developments (TODs) (1, 2, 3, 4) , this article focuses on optimizing the transit survey 4 methodology for such research. Using the outcomes of a mixed-mode survey conducted on an 5 8,000 household sample geographically centered around eight train stations in New Jersey, 6 suggestions are offered for a cost-effective and efficient method of mixed-mode surveying of 7 TODs, which, by definition, requires small-area sampling.
8
The rapid and extensive proliferation of cell phone ownership and use has transformed 9 telephone surveying in general, and has particularly diminished the efficacy of random-digit-dial 10 (RDD) surveys, which are designed to collect data representative of the larger population from 11 which the sample was drawn. Results from the July-December 2014 National Health Interview 12 Survey, the gold standard for assessing the scope of cell phone adoption and use, show that 13 45.4%-or more than two out of every five U.S. households do not have a landline telephone.
14 Moreover, more than one-half of all adults aged 18-44 and of children under 18 were living in 15 wireless-only households (5). It is clear, then, that landline-only RDD samples alone can no 16 longer provide the coverage needed to produce representative samples. 17 An additional issue currently vexing protocols of small area surveying, such as within 18 and in close proximity to a TOD, is that the additional expense of cell phone sample frame 19 supplements is often prohibitive, even assuming a cell phone coverage and contacting can be 20 small-area limited, an issue on which methods are still in the trial and error phase (6). This sea 21 change in survey methods has compelled greater exploration of alternative sampling approaches. and other occupancy characteristics (7) . As a result, address based sampling (ABS), a sampling 26 approach based on contacting data found in the CDSF, is rapidly emerging as a leading sampling 27 method. At the same time, cost-efficiency and the general prevalence of high-speed internet 28 connections have made internet surveys a leading mode of data collection. The marriage of these 29 two relatively new research capacities is a "push to web" approach whereby postal mailing is 30 designed to stimulate participation in an on-line survey.
31
Sometimes this approach takes a mixed-mode protocol, under which the respondent can 32 opt to complete a mailed paper questionnaire or, using a web-page address and password 33 provided in the postal mailing text, can turn to the internet survey. Other times, the mailing is a 34 straightforward push-to-web, without the paper questionnaire option. Either way, as with all 35 survey research, the key challenge-while endeavoring to maximize response rates-is 36 minimizing non-response bias. Against that background, whether the approach is mixed-mode or 37 push-to-web only, the savings realized from minimizing printing costs, coupled with the 38 minimization of data entry error that accompanies a web survey, leads to a strong researcher 39 preference, even when the paper questionnaire option is offered in the mixed-mode context, for 40 internet survey response over the paper alternative.
41
As a result, mixed-mode surveys using ABS sampling are becoming an increasingly 42 important survey protocol. ABS sampling frames rely on the U.S. Postal Service's CDSF, which 43 provides nearly complete coverage of every postal address in the United States, and is 44 continuously updated (7) . ABS, however, comes with its own methodological challenges, 45 particularly, how to best employ it in the context of surveys. This is a growing area of interest in All told, sampled households received five contacts:
(1) a pre-notification letter;
10
(2) an invitation letter with a link to the internet survey page, a personalized pass code,
11
and a one-dollar-bill incentive;
12
(3) a three-day reminder postcard;
13
(4) a two-week reminder letter in the same form as the invitation letter; and
14
(5) a final reminder letter with a paper copy of the questionnaire.
16
Thus, the push-to-web survey protocol repeatedly requested respondents complete the survey via 17 the web, only sending a paper questionnaire to non-responders with the last contact.
18
The sampling company that provided the CDSF data was able to provide names matched 19 to the household for about 70% of the initial sample frame. Undeliverable returns of the pre-20 notification letter permitted the purging of the initial sample frame of non-working addresses. Of 21 the final sample frame, 75.6% of addresses were matched to occupants' names. In these cases,
22
the mailing was personalized with the name of the householder; all other mailings were directed 23 to "Community Resident." The questionnaire was designed with a multimode unified design to 24 reduce mode effects (9).
25
The self-administered web survey was programmed in English, and was also passively 26 available in Spanish. Where the respondent's web browser default language was Spanish, the 27 survey would automatically display the Spanish language version. The paper questionnaire was 28 printed in English and while the letter indicated that a Spanish-language version was available on 29 request, no respondent requested it.
31
A Contemporaneous Survey Research Experiment
33
Nonresponse is one of the most studied areas of survey error, and as response rates continue to 34 decline it becomes even more crucial (10). Nonresponse takes two forms, unit and item; in light
35
of the overall nation-wide reduction in response rates in all modes of survey, unit-nonresponse 36 was the key concern, i.e., the exploration focused on best practices for the maximization of but did not report any studies on the effect of web instruction cards (14) . To that end, a survey 5 research experiment was embedded in the study to examine the possibility of reducing unit non-
6
response by inserting web instruction cards with "push-to-web" mailings. survey. An earlier study by Lesser (16) also examined the use of web cards, and found that the 15 web card suppressed, rather than enhanced, response.
16
The efficacy of personalization and tailoring of survey protocols and contacts to improve 17 nonresponse is well documented (9, 15, 17, 18, 19, 20, and 21) . These studies show that
18
"tailoring" and "personalizing" survey protocols and contacts typically lead to higher response 19 rates. In the case of web cards, all previous efforts used "generic" inserts, i.e., they were neither 20 tailored (meaning including some specific information thought to be useful to the respondent)
21
nor personalized (specifically referring to the respondent by name). There is, however, an 22 unpublished, non-peer-reviewed master's thesis that implicitly tested whether tailoring with the 23 passcode would result in higher response rates; it did not (22, at pp. 28, 38, and Figure 3 ).
24
Building on this research, the survey protocol included the tailoring of an experimental 25 group's web cards by providing the respondent's unique login code. This embedded experiment 26 explicitly tested the hypothesis that the tailoring of the web card would increase the response 27 rate, as opposed to the negative and no effect of web cards on response rate found by Lesser (16), 28 Messer (22), and Messer and Dillman (15) . The basis of the hypothesis follows the tailoring and 29 personalization literature, i.e., including helpful information on the web card-in this case, the 30 household-respondent's unique passcode-would simplify the survey completion process by 31 eliminating the step by which respondents would need to refer back to the invitation letter for the 32 individualized information necessary to access the web survey. In more direct terms, the 33 motivation was to explore whether the tailoring of the web card would reduce respondent burden 34 and, in turn, increase the unit response rate.
35
For the web card experiment, within each of the eight station subsamples, respondents 36 were randomly distributed into three nearly equal sized groups:
(A) the control group, receiving no web card (N=2,306);
39
(B) the replication treatment group, receiving the generic web (N=2,318); and
40
(C) the experimental treatment group, receiving the personalized web card (N=2,314).
42
Web cards, printed in English on the front and Spanish on the back, were included in the 2 nd and 43 4 th contact to respondents in the "generic" and "tailored" groups. The web cards were modeled cards, which were 3.375" wide by 7.75" tall. 
STATISTICAL METHODS AND RESULTS
42
Putting the experiment aside for the moment, in an effort to identify a set of best practices for 43 mail push-to-web surveys at TOD locations, conditional logit models, controlling for each of the 44 eight subsample's proximate station location, were estimated. Two dependent variables were 45 tested: First, using the entire sample of 6,938 eligible households, a model was estimated with a 1 binary dependent variable representing whether the respondent completed the survey (by either 2 web or mail); second, using only those respondent households that completed the survey, a 3 model was estimated with a binary dependent variable that indicated the survey mode, web or 4 mail, by which the respondent answered the questionnaire.
5
The primary focus of this research is to highlight best practices for surveying of TODs 6 and transit station areas. As such, the models' independent variables were limited to only those were excluded from the set of independent variables.
13
The independent variables included were: 14 15 (A) whether the mailing was personalized due to the availability of the name of the unit 
27
Upon the purchase and refinement of the CDSF-derived ABS sample frame, these 28 predictors, unlike the demographic characteristics of the occupants of the household, would be 29 known to the survey researcher prior to fielding the survey. These, then, are tested to determine 30 how to best and most cost-efficiently design a survey research protocol for a TOD study to 31 maximize the response rate and, in turn, minimize non-response bias.
32
The first conditional logit model (N=6,938) tests the effect these four independent Thus, the odds that the overall response rate will be improved due to name-of-household-41 occupant personalization ranges from a low of 2.21 to a high of 3.17, compared to mailings to 42 "Community Resident" or some similar generic address form. In terms of percentages, where the 43 survey researcher has a name associated with a household, there is a 121% to 217% increase in 44 the odds that the household will respond, compared to a household with no name association.
45
These values correspond to an increased range of probability of response due to name association 1 from 0.688 to 0.760 greater, compared to a "Community Resident" mailing.
2
As discussed above, the independent variables indicating whether the household is a 3 single family unit, or new housing within one-quarter mile of the train station, are taken as 4 proxies, respectively, for home-ownership and new-TOD-related construction. While not as 5 powerful as the effect of personalization due to name association, the confidence intervals for 6 these odds ratios also show a response rate improvement due to each, holding all else constant.
7
To the contrary, the indicator for a household within a half-mile from the train station did not 8 return a statistically significant coefficient (p=0.271; z=1.10). (4) 
---------------------------------------------------------------------------------------------------------------------------
25
The predictor variable indicating a single-family unit returns an odds ratio of response" (n=418) and 1 indicates "web response" (n=1,211). These results, shown in Table 3 ,
38
indicate that the strong effect of mailing personalization due to name association with the 39 household unit, and the impact on response propensity of home-ownership, taken as a proxy 40 from the predictor variable for a single-family unit, are already accounted for in the initial 41 decision to respond. In turn, then, the service these variables provide speaks to enhancing general 42 response propensity, rather than affecting the choice of survey response mode.
43
The strongest indicator in this model is whether the household unit is new housing within 44 a quarter-mile of the train station, followed by whether the unit is within a half-mile of the new housing instance there is greater probability that the housing was built and sold with internet 7 connection capacity. In both instances, they place the housing unit in question squarely within a 8 high-density area in close proximity to a train station, where internet connectivity is likely to be 9 readily available, and the respondent likely more motivated than one beyond walking distance to 10 the train station. 
16
LR chi2 (4) 
27
Shifting gears to the web card experiment, the first point of interest is the differential 28 response rates for the control group, the replication group, and the experimental group. Response 29 rates were calculated using the relatively conservative AAPOR RR2 definition (23 at p. 52).
30
Overall, the survey returned a gross 23.5% response rate, providing 1,629 survey interviews over 31 a sample frame of 6,938. sum to determine the overall odds ratio when all effects are combined, and then converting that 46 to value to a probability (in the form of the odds ratio divided by one plus the odds ratio). These 47 results are shown in Table 4 .
48
As a preliminary note, each of these nine models strongly confirms the importance of 1 obtaining names to match the household address so as to be able to personalize the mailing. The intention of this article is to bring forth transit survey protocol elements to help optimize benefit ratio of a TOD survey.
13
First, the mail-push-to-web protocol described in this article is strongly recommended.
14
To the degree that a survey respondent can be pushed to respond to a web questionnaire, printing 15 and mailing costs are minimized, as is computer data entry error from paper survey instruments.
16
By allowing a mailed paper response only with the final communication, the contacting protocol which to purge the sample of non-functional addresses so that they receive no further contacts,
24
which in turns saves money on printing and mailing costs and increases the accuracy of response 25 rate and post-hoc power analyses calculations.
26
Third, Table 4 
